Introduction
is under contract with the U.S. Department of Energy, River Protection Project (DOE-RPP) to design, construct, and operate facilities for the treatment of wastes stored in the single-shell and double-shell tanks at the Hanford Site, Richland Washington. BNFL has contracted with Battelle Pacific Northwest Division to conduct tests to verify and validate the BNFL waste treatment process. The DOE-RPP has provided samples from tanks 241-AW-101, 241-AN-107, 241-C-104, and 241-C-106 to BNFL for this purpose.
This report describes the results of a test conducted by Battelle to assess the solubility of the solids entrained in the diluted AN-107 low-activity waste (LAW) sample. BNFL requested Battelle to dilute the AN-107 sample using sodium hydroxide and de-ionized water to mimic expected plant operating conditions. BNFL further requested Battelle to assess the solubility of the solids present in the diluted AN-107 sample versus temperature conditions of 30, 40, and 50°C. BNFL requested these tests to assess the composition of the LAW supernatant and solids versus expected plant-operating conditions. The work was conducted according to test plan BNFL-TP-29953-7, Rev. 0, Determination of the Solubility of LAW Entrained Solids. Some deviations from the test plan were required due to the nature of the AN-107 material. These deviations will be discussed in the Experimental Section.
Personnel
The Battelle personnel and their responsibilities in performing this test are given below. 
Experimental
Sample Description. The sample used in this test was labeled as AN-107 ST. The homogenization, dilution, caustic adjustment, and sub-sampling of the as-received AN-107 sample were described by Urie 1999. The total volume of sample AN-107 ST was 24 mL.
Because the material was very dark, it was not possible to accurately determine the volume of settled solids in the sample.
Apparatus. The apparatus used consisted of an aluminum heating block placed on a hot plate/stirrer. The hot plate/stirrer was modified so that separate power could be applied to the heating and stirring functions. This allowed for continuous stirring, while the hot plate was powered by a temperature controller. The temperature controller used was a J-KEM Model 270 (J-KEM Electronics, Inc., St. Louis, MO). This temperature controller consists of two separate circuits. One is the temperature control circuit, while the other serves as an over-temperature device, which shuts down the system if a preset temperature is exceeded. The set point for the over-temperature circuit was set at 60°C for this test. A dual K-type thermocouple (model number CASS-116G-12-DUAL, Omega Engineering, Stamford, CT) was used to provide inputs to the temperature controller and over-temperature circuits. Both the J-KEM Model 270 and the dual thermocouple were calibrated before use. The aluminum heating block contained two wells. A vial containing water was placed in one of the wells, with the thermocouple wedged between this vial and the aluminum block. The vial containing the sample was placed in the other well.
Procedure. (a) The sample in AN-107 ST was mixed by swirling. The homogenized slurry was then transferred to a 30-mL high-density polyethylene (HDPE) vial (this vial also contained a Teflon®-coated magnetic stir bar). There were several large (2 to 3 mm) particles that did not transfer readily. A spatula was used to transfer these larger particles into the HDPE vial. The sample was heated and stirred at 30 ± 2 °C for 4 h. An attempt was made to filter a 2-mL aliquot of the slurry through a 0.45-µm nylon syringe filter. The filter immediately plugged. The experiment was suspended for several days; during this hiatus, the sample stood at ambient temperature (~25°C).
After consultation with BNFL, the 0.45-µm nylon filters were replaced with 1.2-µm nylon filters. The sample was heated and stirred at 30 ± 2 °C for 23 h.
(b) Two aliquots (2-mL each) were taken for analysis. Each aliquot was filtered through a 1.2-µm nylon syringe filter that had been preheated by immersion in a boiling water bath. The filter was preheated to avoid precipitation during the filtration step. The filtration was still quite difficult and took 10 to 15 minutes to achieve (the filter probably cooled to ambient temperature during this time). After plugging of the filter membrane, additional solution could be filtered by pulling back on the syringe filter which appeared to pull some solid back off the membrane, which in turn allowed more solution to pass. (The mixture was also difficult to filter at both 40 and 50°C.)
The temperature was increased to 40 ± 2 °C and the sample was stirred for 25 h. The mixture was sampled in the same manner as described above with the 1.2-µm filters. The temperature was increased to 50 ± 2 °C and the sample was stirred for 4 h. Again, the mixture was sampled in the same manner as described above. Because of the small volume of samples available (< 2 (a) The test plan and the associated procedural notes are included as Appendix A to this report. (b) The test plan required the AN-107 sample to be maintained at temperature for at least 1 hour before sampling. For convenience, the sample was maintained at 30 and 40°C overnight, whereas the equilibration at 50°C was conducted within one work day. It should be noted that this test was not designed to address the kinetics of dissolution. Kinetics could potentially be important regarding the phenomena investigated here, but separate testing would be required to address this issue. mL), only the following analytical procedures were performed: acid digestion, ICP/AES, and total alpha. Furthermore, there had been apparent evaporation of one of the aliquots taken at 40°C and one of the ones taken at 50°C before the samples were removed from the shielded analytical facility. These two aliquots were not processed. Further evaporation was evident for some of the other aliquots prior to acid digestion. Because of this, the analyses were reported on a per gram basis for each aliquot. These data were then normalized to the Na content as discussed below.
Results
Tables 1, 2, and 3 present the concentrations of various waste components at 30, 40, and 50°C, respectively. As mentioned above, it was suspected that some of the samples partially evaporated prior to analysis. This evaporation was indicated by significant formation of solids in the sample coupled with relatively small liquid volumes. Because of this, it was impossible to directly compare the measured concentration values. So that the concentrations could be compared, they were normalized to the Na content. For example at 40°C, the Al concentration was 3,100 µg/g and that for Na was 136,000 µg/mL. Thus, there were (1,000,000 µg/g x 3,100 µg Al/g )136,000 µg Na/mL ) = 22,794 µg Al/g Na in the solution at 40°C. Note that this treatment of the data assumes that the Na concentration does not change with increasing temperature.
(a) Table 4 shows the changes in the concentrations relative to those at 30°C. Concentrations for most of the analyzed metals showed slight concentration increases (5 to 8%) when the temperature was changed from 30 to 40°C. But further concentration increases generally did not occur when the temperature was raised to 50°C. Iron is perhaps an exception to this in that further dissolution of Fe occurred between 40 and 50°C. Barium, La, Si, Ti, and Zn also indicted slight increases between 40 and 50°C, but the concentrations of these components are low and are thus subject to greater experimental uncertainty.
Because duplicate analyses were not done on the 40 and 50°C samples, a rigorous analysis of the statistical meaning of the data was not performed. But based on the standard deviations given in Table 1 (and assuming analogous uncertainties for the values in Tables 2 and 3) , most of the increases (e.g., Al, Cr, Fe, and P) can be viewed as meaningful.
The total alpha analyses (Table 1 through 3) indicated that the AN-107 waste is a transuranic (TRU) waste with TRU concentrations of ~0.3 µCi/g which is well over the 0.1 µCi/g NRC Class C LLW limit for TRU. The TRU concentration appeared to drop when the temperature was raised from 30 to 40°C, but increased to about the original 30°C value when the temperature was increased to 50°C. It is doubtful that these changes are statistically significant. (a) This assumption is perhaps not strictly true. In the case of the AW-101 LAW sample, a 1.7% increase in the Na concentration was observed when the temperature was increased from 30 to 50°C (Lumetta, Lettau, and Piepel 1999) . Clearly, this assumption introduces another uncertainty into the interpretation of the results. Because of this, the results reported in Table 4 should be viewed as qualitative.
Conclusions
The AN-107 sample was very difficult to filter through 0.45-µm nylon membranes. Improved filtration was achieved with 1.2-µm membranes, but the filtration was still very difficult. Because filtration took several minutes, it is likely that significant temperature changes occurred during the course of the filtration. The impact of this on the results is unknown. Furthermore, several of the aliquots taken for analysis underwent evaporation prior to beginning the analytical procedures. Because of this, the analytical data was reported in terms of units per gram of sample and these values were normalized to the Na content in the sample. This introduced an additional uncertainty in the results because this treatment of the data requires the assumption that the Na concentration does not change with increasing temperature.
Concentrations for most of the analyzed metals showed slight concentration increases (5 to 8%) when the temperature was changed from 30 to 40°C. But further concentration increases generally did not occur when the temperature was raised to 50°C. The AN-107 waste is a transuranic (TRU) waste with soluble TRU concentrations of ~0.3 µCi/g. The TRU concentration did not appear to change significantly with increasing temperature. 
